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(57) Abstract 

The invention features a polypeptide 
complex synthesized by bacteria of the 
genus Clostridia that contains the serotype 
E botulinum neurotoxin and five neurotoxin 
associated polypeptides having molecular 
weights of about 118. 80, 65, 40, and 
18kDa, respectively. The complex is useful 
in the treatment of diseases or conditions 
that are caused by excessive release of 
acetylcholine from presynaptic nerve 
terminals. 



49 

< 




Tube Number 



BNSOOCia <WO 9901754A1J_> 



AT 
AU 
AZ 



BG 
V 
BR 
BV 

CA 
CF 
OG 
CH 

a 

CM 
CN 
CU 
CZ 
OB 
DK 



™ W£ PURPOSES OF INFORMATION ONLY 
Code, used to identify States party to the PCT on the front 



W* of pamphlets publishing international applications under the PCT. 



Aaatodjn 



CoaalAWc^lUpablk: 
Coofo 



Cfittd*!w*B 



Cu± Repobifc 



BS 

n 
re 

GA 
OB 

GB 

CH 

GN 

GR 

HU 

IB 

IL 

IS 

IT 



KG 
KF 

KB 

KZ 
LC 
U 
LK 



Spia 



Orccce 



fend 



ka* 

Deaoewie People's 

BqnbUcorKTO 

BqnbUcofKora 



SataLoda 



Sri 
Ubcru 



LS 
IT 

tu 

LV 
MC 
MD 
MC 
MB 



MW 

MX 
NE 
NL 
NO 
NZ 
IT 

rr 

R 

RU 
SD 
SB 

SG 



Utvfe 



KcpobllcofMohlon 



Tfce fenwr Y«fo«kv 

RfrtUcorMamtaaa 
MaU 



Matiwi 

Moko 
Nfecr 



New Zealaad 



n 




8K 


Rn«t 


SN 




8Z 




TV 


CMd 


TG 




TJ 


Tajfeao 


TM 




TR 


Ttakey 


TT 
UA 


"nfcfclad and Tobago 

tftttkM 


UG 


Ufaadt 


US 


United Sfcaarf America 


UZ 


Ufbetaaan 


VN 


VietNaa 


YU 


Ynptbrai 


zw 


Thrtwtuw. 



Ptxtvaa] 



Man 



BNSOOCIO: <WO__«601754A1 J.> 



WO 98/01754 



PCT/US96/11383 



- 1 - 

NOVEL PROTEINS WITHIN THE 
TYPE E BOTULINUM NEUROTOXIN COMPLEX 

Background of the Invention 

5 The present invention relates to novel proteins 

that form a complex with the type E botulin neurotoxin 

produced by Clostridium botulinum. 

Various strains of the bacterium Clostridium, 

including C. botulinum, C. baratii, and C. Jbutyricum, 

10 synthesize different serotypes of the potent neurotoxin 
botulin, which causes a form of food poisoning known as 
botulism. C. botulinum synthesizes seven different 
serotypes, which are designated types A through G. Thes 
neurotoxins cause muscle paralysis by blocking the 

15 release of acetylcholine from cholinergic nerve endings 
(DasGupta et al., Biochemistry and Pharmacology of 
Botulinum and Tetanus Neurotoxins, In Perspective in 
Toxicology, Ed. by A. W. Bernheimer, Wiley, New York, NY, 
1977) . 

20 Humans and other animals come into contact with 

botulinum neurotoxins most frequently by consuming food 
that is improperly stored in a way that permits growth of 
anaerobic bacteria. Typical foods tainted with botulin 
are low acid canned meats and vegetables, preserved meats 

25 and fish, and pasteurized processed cheese spreads 
(Fogeding, In Foodborne Microorganisms and Toxins: 
Developing Methodology, Eds. M.D. Pierson and N. Sterns, 
Marcel Dekker, Inc., New York, 1986; Kautter et al., J. 
Food Prot. 42:784-786, 1979). Another form of botulism, 

30 infant botulism, is thought to be caused by consumption 
of ubiquitous spores of C. botulinum along with food 
(Simpson, 1989, In Botulinum Neurotoxin and Tetanus 
Toxin, Academic Press, San Diego, CA) . These spores may 
colonize the infant intestine, germinate, and produce the 

35 neurotoxin. Similarly, spores that gain access to deeply 
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wounded tissue may germinate and produce neuro* . 
within the wound. neurotoxin 

The nucleotide sequences of i-h. 
of the different serotypes of the ^ a11 

5 (Bin* et al j Blol T ^ neurot °*in are known 
x -' J ' fi iol. Chem., 265: 9153-qi =„ 
Campbell et al t ^ • . ^53-9158, 1990; 

Hauser et al N »„ » 96-225-230, 1992; 

Thes., .„., are coordlnataly re ; u - • 

e " COau " that torn a ccplex vitTtT 

associated with one srated to be 

» ^unol., ^IZZ Jl°T, <SU9U 

»«; and Singh et al , " 1Cr ° b "l- »«., 56:80- 

1995). 9 J - Pr ° tei " »em., 14:7-18, 

poisoning process by l'^ ' ^ to *- £ - 
acids and proteolytic el™. ™urotoxin rro. the 

,«trointestinal ^Itt 1 
and purged type A ne^^ ^ « delated 
the oral toxicity of the i„t,^ ! " leSS than 

<-cag«chi, Phar^c r ber ~ 6 ^7 ~™ «W« 
proteins associated with oth*,- } ' The 

-otect. t, -^rjTSL-Sr* 
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Summary nf Tnv«.nH ww 
The invention is based on the discovery that 
contrary to the conception in the field, the type E 
botulinum toxin exists in a , yP 

T h e complex lncludes y the 
botulmua neurotoxin and five neurotoxin assocl 2™° 

ao 65. 40. and „ respectively. rae lle 

polypeptide was Known and sequenced previously and „ 

been referred -ho « * ^cvaousiy, and has 

ao, 65, 40, and 18 KDa polypeptides in the co-lex ar 
15 novel and. as described herein, have been partLny 
sequenced. T he so kD a polypeptide contains the a"L 
acid sequence TNLKpyiiyn (SE0 1D N0:4)> ^ ™ 
polypeptide contains the m im ,„•., 

fSEO ID »n.„ «. sequence MQTTTLNKDT 

(SEQ ID NO. 3), the 40 KDa polypeptide contains the amino 
20 add sequence MRINTNINSM (SEQ ID N0:2) , an(J ^ *™° 

tL ant^ ' ° f ^ " TC P 0l ^Ptiaes in the co*pl e 7 
The antibody can h. . substantially pure antibody (eg 

that" W " ° dy ' SUCh " M I9A or W antibodT' 
that specially binds a polypeptide of the complex or 

u\:d r r^~Vntr e ::- ^ 

contacting the - J^TS^ i~2L 

imaune complexes formed between the antibody and the 
sample (e.g.. by standard immunological techniques SU ch 
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as Western blotting or immunoprecipitation) as an 
indication of the presence of neurotoxin in the sample. 

The discovery of these novel polypeptides provides 
the basis for a method of detecting the serotype E 
5 neurotoxin complex in a biological sample. The method 
includes obtaining an antibody that specifically binds a 
neurotoxin associated polypeptide, contacting the sample 
with the antibody, and detecting, if present, antibody- 
bound type E associated polypeptide. The presence of the 
10 antibody-bound polypeptide indicates the presence of 
serotype E neurotoxin in the sample, which may be a 
foodstuff or a biological sample, such as a 
gastrointestinal, blood, or tissue sample, obtained from 
a vertebrate animal. 
15 As described herein for the first time, the novel 

80 kDa type E neurotoxin associated polypeptide binds 
directly to the type E neurotoxin. Therefore, the 80 kDa 
neurotoxin associated polypeptide can also be used to 
detect the neurotoxin. 
20 The discovery of the novel polypeptides of the 

invention also provides the basis for medicaments used in 
a method of treating a patient suffering from a disease 
or condition resulting from excessive acetylcholine 
release from presynaptic nerve terminals. The patient is 
25 treated by administering a therapeutically effective 
amount of a medicament including the serotype E 
neurotoxin complex. The excessive acetylcholine release 
can cause undesirable contraction of smooth or skeletal 
muscle cells, which can, in turn, cause spasmodic 
30 torticollis, essential tremor, spasmodic dysphonia, 

Charley horse, strabismus, blepharospasm, oromandibular 
dystonia, spasms of the sphincters of the cardiovascular, 
gastrointestinal, or urinary systems, or tardive 
dyskinesia. The excessive acetylcholine release can also 
35 cause profuse sweating, lacrimation, or mucous secretion. 
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Alternative, the patient may be a candidate for 
treatment according this method if suffering from 

^ 7.^ ™ ~—«y to brain ischemia, 
traumata mjury of the brain or spina! cord, tension 

caused by arthritic contractions. 

in addition to treating the conditions described 
above, the novel polypeptides can be formulated asa 
vaccine and used to vaccinate an animal against 
10 serotype £ neurotoxin by administering to the animal a 
serotype E neurotoxin compiex and a physiological^ 
acceptable carrier associated polypeptide, 
is ,t , ^ " PUrified """body" is meant an antibody that 
is at least 60%, by weight, free from the proteins and 
1= naturally-occurring organic molecules with wh lch " it L 
natu 1 y assoclated . ^ ^ » 

least 75%, more preferably at least 90%, and most 
preferably at least 99%, by weight, antibody. 

By "specifically binds" is meant an antibody which 
20 recogm.es and binds a polypeptide, but which does not 

ZTT lly rec09ni2e and bina ot * er -»•««•. 

sample (e.g., a biological sample which includes type E 
neurotoxin associated polypeptides) . 

By "polypeptide" is meant any chain of two or more 

Zll ^ ■ re9 " aieSS ° f le " 9th « P°-translatiT n aT 

„ I ' e - 9 -' ^Wl-tlon °r Phosphorylation, 

and thus includes peptides and proteins. 

By "substantially pure polypeptide" is meant a 
polypeptide preparation that is at least 60* by welant 
30 the compound of interest, e.g., the serotype E neurotoxin 
associated polypeptides i nr c,™ .. neurotoxin 
„ „ 'ypeptiaes (or fragments or derivatives 

thereof, . Preferably the preparation is at least 75% 
»ore preferably at least 90% and most preferably at least 
«%. by weight, the compound of interest. Purity ca „ be 
35 measured by any appropriate method, e.g., column 
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chromatography, polyacrylamide gel electrophoresis, or 
HPLC analysis. 

Unless otherwise defined, all technical and 
scientific terms used herein have the same meaning as 
5 commonly understood by one of ordinary skill in the art 
to which this invention belongs. Although methods and 
materials similar or equivalent to those described herein 
can be used in the practice or testing of the present 
invention, the preferred methods and materials are 
10 described below. All publications, patent applications, 
patents, and other references mentioned herein are 
incorporated by reference in their entirety, m case D f 
conflict, the present specification, including 
definitions, will control, m addition, the materials, 
15 methods, and examples are illustrative only and not 
intended to be limiting. 

Other features and advantages of the invention 
will be apparent from the following detailed description 
and from the claims. 



20 



Brief n Pc ^j r 4.^ on of 1 . ho DratHT1fT C 
Fig. 1 is an elution profile obtained by applyina 
an extract of E-type producing c. totulinum to a DEAE- 
Sephadex A-50 ion-exchange column (A278 is absorbance at 
278 nm) . 



25 



30 



Fig. 2 is a photograph of a poiyacrylamide gel 
Lane l was loaded with the material that eluted in the 
first peak of Fig, i. j^ ne 2 was loaded w±t|| Bolecular 
weight standards. Lane 3 was loaded with material eluted 

from a G-200 column (see Fig. 5). 

Fig. 3 is an elution profile obtained by applying 
the type E botulinum neurotoxin complex to a Sephadex G- 
100 column. 
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Fig. 4 is an elution profile obtained by applying 
the type E botulinum neurotoxin complex eluted from a 
Sephadex G-100 column to a Sephadex G-200 column. 

Fig. 5 is an elution profile of the complex formed 
5 between type E botulinum neurotoxin and the 80 kDa 
component of the associated protein complex. 

Fig. 6 is a photograph of an SDS-polyacrylamide 
gel. The material in the first and second peaks of the 
elution profile shown in Fig. 5 was electrophoresed in 
10 lane 1 and lane 2, respectively. 

Fig. 7 is a three-dimensional plot generated by 
light scattering analysis of the type E botulinum 
complex. The first and second series of peaks were 
generated with 105 ran and 225 ran diameter particles, 
15 respectively. 



Detaile d Description 
Contrary to the general understanding in the 
field, the type E botulinum toxin complex comprises the 
toxin, which has a molecular weight of about 150 kDa, and 
20 five (not one as previously believed) polypeptides that 
form a complex with the neurotoxin. These five 
polypeptides have molecular weighs of approximately lis, 
80, 65, 40, and 18 kDa, and can be used individually, or 
in combination with the neurotoxin in the complex, to 
25 generate novel antibodies and vaccines. 

Bacterial Cell cultny p 

Generally, to obtain botulinum toxin in large 
amounts, complexed media containing combinations of meat 
hydrolysate, casein hydrolysate, yeast autolysate, yeast 
30 extract, and glucose supplemented with one or more 
reducing agents are used (Sakaguchi, Pharmac. Ther. , 
19:165-194, 1983). Vegetables autoclaved in saline also 
provide an excellent culture medium, supporting toxin 
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production by type »- and type B - produci 

in Li! I ^ ^ F "~^ —tari. to^rov 

xn boiled vegetables (Sugii et a i t r. ^ 

« «. ^ o Pti „l t;; P ; ra t U ;; f j ; r F r. safety - »»- 

"301 ParKlawn Drive , noCcville ? D ^™ f^ 1 ** 1 "' 
17852. 17854, and 17855) was grown £or 4 „ ' 

» according to standard .ethods and stored at - 2 " c 
The stock culture was activated at for 
approximately 25 hours and then transferred to a growth 
medium containing 2 0* i„. ( ,„ growth 
o n«. Tr yPt":ase-peptone, l.o% glucose 

0.025% sodium thioalvcolat-^ /wt „. yj-ucose, 

- ~, MD) , and o 5% yeast extract 1 (Difco) 5te °' S ' 
adjusted to p„ «... men large me < f - 

:;rr: r; r :t h i2t rr soiuti ° n - J — 

then autoclaved foT h ; o „ r r S MPar " ely ™ 
» - -5 hours, « cST^JS.- *— 

The resulting suspension" £ lET^E /T ^ 
39 g/nl) and stored at 4» c . {N^SO,; 

The crude extract deseriK^ »u 
and redissolved i„ 35 -1 \? „ 6 preci Pitated 

buffer (p H 5 5 f t M S ° diUm P hos P**te 
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PH 5.5. it is important that the pH of the buffer is 
maintained at 5.5. The first protein peak (Fig. i, was 
pooled as type E complex. 

In contrast to previous reports (Sugii et al 
5 infect. Immunol., 12:1262-1270, 1975; Sakaguchi, Pha'rmac. 
Ther., 19:165-194, 1983; Schantz et al., Microbiol. Rev 
56:80-99, 1992; Singh et al., J. Protein Chem. , 14:7-1 8 " 
1995), a total of five different proteins were found in' 
the complex in addition to the 150 kDa type E botulinum 
10 neurotoxin. Specifically, the material constituting the 
first peak of the elution profile described above (and 
shown in Fig. 1, was analyzed by SDS-polyacrylamide gel 
electrophoresis, six proteins, having molecular weights 
of approximately 150 (the neurotoxin), lis, 80, 65, 40, 
15 and 18 kDa, were apparent (Fig. 2). 

Size Exrlngio n Chromatograp hy 
To further confirm the nature of the type E 
complex, the proteins were analyzed on size exclusion 
chromatographic columns. The type E complex eluted from 
20 the DEAE Sephadex A-50 column was concentrated to 5 mg/ml 
and applied to a Sephadex G-100 column (1.8 x 92 cm or 
2.6 x 82 cm, 0.05 M sodium citrate buffer, pH 5.5). The 
resulting elution profile revealed one peak in the void 
volume (Fig. 3). Three of the proteins present are 
25 clearly less than the exclusion limit of the column and 
thus, should elute separately from the void volume. 
Since this did not occur, and all six proteins continued 
to elute in one peak, it was concluded that the proteins 
are bound together in a complex. A similar result was 
30 obtained following chromatography on a Sephadex G-200 

column (Fig. 4), further confirming that the six proteins 
form a single complex. 

One of the neurotoxin associated proteins in the 
type E complex, the 80 kDa protein, was purified and 
35 studied for its ability to re-form a complex with pure 
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type E neurotoxin. After combining the 150 kDa 

ZlT^l^ 80 ^ aSSOCiated P^tein, the elution 
profile obtained from a Sephadex G-200 column revealed a 
major peak containing both the 80 kDa protein and the 
5 type E neurotoxin, and a minor peak containing excess 
uncomplexed 80 kDa protein (Fig. 5) . The material eluted 
xn each of the two peaks was electrophoresed on an SDS- 
polyacrylamide gel (Fig. 6) , wnich confirffied ^ 
of the protein (s) in each peak. 

10 The 80 kDa Neurotoxin Associated Protein 

Specif ically Bind. Tun, f r ^.,!f-^ tein 

k A K / netiC blndin9 StUdy P erfo "» ed with an optical 
fiber-based biosensor revealed that the type E neurotoxin 
could bind directly to the 80 kDa type E neurotoxin 
15 associated protein, rather than associate indirectly with 
the neurotoxin via another polypeptide in the complex 
The 80 kDa polypeptide was tested for its ability to bind 
directly to the neurotoxin at pH 7.5 and at pH 5.7. The 
type E botulinum neurotoxin was first immobilized, and 
20 purified neurotoxin binding polypeptide (NBP; 80 kDa, was 
labeled with TRITC (Tetramethylrhodamine-isothiocyante; 
Molecular Probes, Eugene, OR) as described in Ogert et 
al., Anal. Biochem. , 205:306-312, 1992, except that 

25 fTL'T TRITC rem ° Ved by dialysis < rather «»» gel 
25 titration. The binding experiments were carried out by 

Mocking the exposed sites on the optical fiber with 2% 
BSA (at room temperature) and incubating them with TR1TC- 
labeled 80 kDa polypeptide (5 mg/ml) that had bee" 
eguUibrated with phosphate buffered saUne 

30 5.7 or P H 7.5). The initial rate of binding was 

calculated based on the signal increase within the f irst 
60 seconds. "rsx: 

Subsequent polypeptide binding rates at p H 7.5 and 
5.7 were 4.01 and 8.42 uV/minute, respectively 
35 jesting that the interaction between the neurotoxin 
and the 80 kDa polypeptide is significant at p H 7.5 ' and 
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considerably higher at pH 5.7. Therefore, the 80 kDa 
polypeptide could play a role in prote cting the type E 
neurotoxin from the acidic conditions present in the 

5 llTlt nt T inal traCt " Th6Se reSUltS — istent 
5 with the known behavior of the botulinum neurotoxin 

complex, which dissociates at alkaline p H levels. Thus 

the associated binding polypeptides can be used as a ' 

specific binding partner to "capture," and thereby 

detect, the neurotoxin. This method would effectively 

10 detect the neurotoxin wherever it exists, to at least 

some degree, free from the complex or, at least, free 

from the 80 kDa neurotoxin binding protein. 

Sequence Analysis of Proteins 
in the Typ* E HPn r ^n v in p nmp1o „ 

15 Partial amino acid sequences of the novel 

polypeptides in the serotype E neurotoxin complex were 
obtained as follows. Approximately io picomoles of the 
purxfied type E neurotoxin complex were dissolved in a 
buffer consisting of 0.5 M sucrose, 15% SDS (sodium 
20 dodecyl sulfate), 312.5 mM Tris, and 10 mM EDTA, and 
electrophoresed on a 12.5% SDS-acrylamide gel using a 
Mini-PROTEAN II™ electrophoresis cell (Bio-Rad 
Laboratories, Hercules, CA) . The electrophoresis was 
performed in running buffer (2 g/L Tris base 14 4 
9/L glycine, 1 g/L S DS and 0.1 mM sodium thioglycolate 
PH 8.3, under a constant voltage (200 V). The protein' 
was then electrotransferred from the gel to a PVDF 
membrane in a Twobin buffer (25 mM Tris, 192 mM glycine 
and 20% methanol, using a Mini Trans-Blot electrophoretic 
30 transfer cell™ (Bio _ Rad Laboratories , £ « 

transfer was carried out overnight at 60 volts in an ice 
bath. To visualize the protein bands, the membrane was 
stained with 0.025% Coomassie Blue R250 in 40% methanol 
and destained with 50% methanol. The proteins bound to 
the PVDF membranes were sequenced at Baylor College of 
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M dicine (Houston, TX) using Applied Biosystem Model 4 73 a 
protein sequencer™ (Poster City, CA) . 

The following peptide sequences were obtained: 
(l) MKQAFVFEFD (SEQ id NO:l), from the 18 kDa protein; 
5 (2) MRINTNINSM (SEQ ID NO: 2), from the 40 kDa protein,' 
(3) MQTTTLNWDT (SEQ ID NO: 3), from the 65 kDa protein,' 
and (4) TNLKPYIIYD (SEQ ID NO:4), from the 80 kDa 
protein. These sequences were compared with those of 
known proteins associated with neurotoxin types A, B, and 
10 c. This analysis failed to reveal any regions of' 
homology with the type A associated proteins of 
C botulinxim. 

Analysis of Type E Neurotoxin 
Complex by Light Scatter i' ng 

15 To characterize the type E neurotoxin complex as a 

whole, light scattering experiments were performed on 
material purified by DEAE-Sephadex A-50 chromatography 
(1.5 mg/ml) . Analysis was performed on a Malvern 4700 
PCS Autosizer System (Malvern Instruments Inc.) equipped 

20 with an eight-bit, 136 channel correlator capable of 
variable time expansion. The laser light source was 
model INNOVA 70-5 argon laser (Coherent, CA) . a 514.5 nm 
line was employed in single operation mode with l.o watt 
power output. 

25 Initial results from light scattering experiments 

suggest that the complex exists in two forms, as 600 and 
2000 kDa molecular weight species (Fig. 7) . The combined 
molecular weight of the proteins in the type E neurotoxin 
complex observed on polyacrylamide gels is 468 kDa. The 

30 difference between these two predicted sizes could be due 
either to variation in the folding of the complex or to 
the existence of oligomeric forms of some of the proteins 
in the complex. 
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Production of Antibodies Against the 
Type E Neurotoy^ Associated Proteg e 

The novel proteins described herein are indicators 
of the presence of type E neurotoxin. The type A 
5 neurotoxin remains associated with its protein complex 
both in bacterial culture medium and in natural cases of 
food poisoning (Sakaguchi, Pharmac. Ther., 19:165-194, 
1983) . Given this evidence, it is likely that the 
118 kDa binding protein and the other four, lower 
10 molecular weight members of the type E complex also 

remain associated with the cognate toxin in vitro and in 
vivo, in addition, neurotoxin associated proteins have 
been shown to be more immunogenic than the neurotoxin 
itself (Singh et al., 1996, Toxicon 34:267-275). 
15 A variety of standard methods can be used to 

generate antibodies against the type E neurotoxin 
associated proteins. For example, the type E neurotoxin 
associated proteins, either individually or in their 
complex forms, can be administered to an animal, such as 
20 a rabbit, to induce the production of polyclonal 

antibodies. Alternatively, antigenic fragments of the 
individual polypeptides may be used to generate 
polyclonal antibodies. 

In addition, antibodies according to the invention 
25 can be monoclonal antibodies generated by using either 
individual serotype E associated polypeptides or the 
intact type E complex. Such monoclonal antibodies can be 
prepared using standard hybridoma technology (see; e.g., 
Kohler et al., Nature, 256:495, 1975; Kohler et al., Eur. 
30 J. Immunol., 6:292, and .6:511, 1976; Hammerling et al., 
In Monoclonal Antibodies and T Cell Hybridomas, Elsevier, 
NY, 1981; Kruisbeck et al., Hornbeck et al., and 
Yokoyama, In Current Protocols in Immunology, Vol. I, Ne w 
York, John Wiley & Sons, Inc., 1994). 
3 5 The binding specificity and activity of purified 

anti-type E complex antibodies can be confirmed by 
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testing their ability to ln 

activity o( the neurotoxin a*,/.,. \T ""logical 

- t.stea by addm, the a„t Z Ist IT"/ ™* ~ 

standard Jn vitro „ h ich th. f " °' 

* -etylchcline f rom pr.s^ptlc^rve «* 
monitored. These assays include ^p^o *" 
-!««-* neuromuscular tactic. ~ ° f 
Phrenic nerve-hemidiaphraom «,. °" JUSe 
lumbrical muscle and 1? n ° USe Plantar 
» Preparations .BandyotC ^ fTr^ " USCle 
2 « = 2 660-2663. 1 987); Blt y tn y e r et al - 

264 = 10354-10360, l 9e9; CUrk „ " " J " Bl ° J - »«. . 
Methods. l 9 : 285 - 295 " "•' J " Ne ««sci. 

Lett., 113:211-2!. T"" " N *~- 

» activity c, any given^ ^rCedTT^ 

whether that antihody e„ective ly olols ITT 1 " 1 "" 

neurotor ^ '° ^ ^ « 

example, the J^rc^T T^" """^ *» 
based biosensor, as described , * * ° Ptl <=- 

IS evanescent wave fr o. ,T ' " hich U "* «» 

discrimination ^"J^T «** *- signal 

immunoassay detection ^^rjT^- 
»»ch .ore quiotly than any method 7 b ° tUUnu "' «<«i» 
but other immunoassay method, ™ rre ""r «««., 
• e^nal collection p.rioTw th ™ !? "~ ' Th « 

°n. .inute. Detection w ° ""sensor is l. s , than 
»ndwic h immunoassay ^IZTl ? * 
i-ubated in a -mV^^^* 1 " 1 "» 
■ i. aerated when the riber-^ ^ 
"uorescently !abe!ed antibody (see ^ 

Biochem., 205:306-312 i 992 . L^f' ' " " al - A™" 1 - 

MM. and Singh et al., In Hatttral 
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Toxins II, Ed. B.R. Singh and A. Tu, Plenum Press, pp. 
498-508, 1996). 

One of the problems historically associated with 
sandwich immunoassays is that the first antibody (here, 
5 the antibody bound to the optical fiber) and the second 
antibody (here, the antibody added to detect the fiber- 
bound complex) , compete for the same epitope on the 
neurotoxin. To circumvent this problem, two antibodies 
can be used. The first against one portion of the 
10 neurotoxin or one member of the type E complex, which 
will be attached to the fiber, and a second against 
either a second portion of the neurotoxin or a second 
member of the polypeptide complex, which would 
specifically recognize the fiber-bound complex. 
15 Preparation and Administration of 

A Serotvpp F Mgurofcov i n Vancino 

The invention also includes a vaccine composition 
containing, in addition to type E neurotoxin and 
neurotoxin associated polypeptides (or immunogenic 
i0 fragments or derivatives thereof) , a pharmaceutical^ 

acceptable diluent or carrier, such as phosphate buffered 
saline or a bicarbonate solution (e.g., 0.24 M NaHC0 3 ).. 
The carrier and diluents used in the invention are 
selected on the basis of the mode and route of 
5 administration, and standard pharmaceutical practice. 
Suitable pharmaceutical carriers and diluents, as well as 
pharmaceutical necessities for their use, are described 
in Remington's Pharmaceutical Sciences. An adjuvant, 
e.g., a cholera toxin, Escherichia coli heat-labile 
0 enterotoxin (LT) , or a fragment or derivative thereof 
having adjuvant activity, may also be included in the 
vaccine composition of the invention. 

Skilled artisans can obtain further guidance in 
the preparation of a vaccine for type E neurotoxin 
complex in Singh et al. (1990, Toxicon 27:403-410). 
Briefly, approximately 1.5 mg of the type E complex is 
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added to approximately io ml of o 05 M sq h< 
buffer ( PH 5.5) and dial V2ed Citrate 
at 30°C for seven days ^ ^ 
^fer is repaaced every £ ^STT^ 
5 The detoxified neurotoxin (12 „ ***** S ° 1Ution ' 

formaldehyde for two days „ ith Sev ^Vl ' 

The amount of vaccina *h 9SS ° f buffer - 

for example, on the vZZ'JT^** 
!• - adjuvant is 00^^ — 
of adjuvant co-administered thT Y ^ the type 

administration, and the desireTef fe^t * 
or tr eatment,, as can be determined by one^U^ 0 " 
art. m general, the vaccine am-i skilled m the 

15 are administered in amount. ^ ° f th * inve "tion 

and 100 mg. „ a Z" 1 « 

vaccines, amounts ~ Z^TTt T ^ 
can be used. Administration is ' " 9 "* 1 

can „e determined by one Tnll/TT " " 
20 example, a priming dose J? 1 ** " th * ■«• For 

=oses at veeMy intervals " * thr - »««« 



30 



The novel proteins discovered in «. 
botulinum neurotoxin complex can he us t d T " 
ways. They can be used for 3 nUlnber of 

botulism. Pirst, they can be ^ft' *° ^ ^ 
antibodies, as described 

detect the presence of the toxin / ^ t0 

can be used to generate tcc^ Z ' ■ "»* 

addition, if a patient i. ! lnm "nx Z ation. In 

-se proteins 

based or direct binding detection ! ^ 9h antibo <*- 

reliable d iagnos i s . JL^Z T7' ^ « 
occurring complex with th! / lr natur ally 

with the type E neurotoxin, are also 
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useful in treating diseases associated with excessive 
release of acetylcholine from cholinergic nerve 
terminals. 

Advantages 

5 Administration, as described below, of the intact 

type E neurotoxin complex is superior to administration 
of the neurotoxin alone in that the complex is longer- 
lasting. This feature minimizes the frequency of 
administration and thus, reduces any risk, discomfort, or 
10 inconvenience that the patient may experience. 

The type E complex is a superior therapeutic 
agent, relative to the other botulinum serotypes, because 
the activity of the type E neurotoxin can be enhanced 
100-fold by treatment with trypsin, which breaks the 
15 bonds between the two polypeptide chains that constitute 
the neurotoxin. Therefore, application of the type E 
neurotoxin complex can be controlled by trypsinization, 
in a way that allows graded release of the neurotoxin 
from the complex. This unique mechanism provides more 
20 controlled and longer-lasting effects than would 
otherwise be possible. 

Disease Treatment with 
Type E Neurotoxin Complex 

Any disease or discomfort associated with an 
25 exaggerated release of acetylcholine from a presynaptic 
nerve terminal can be treated with the type E botulinum 
neurotoxin complex described herein. These diseases are 
associated with either smooth or skeletal muscle spasms, 
such as spasmodic torticollis, essential tremor, 
30 spasmodic dysphonia, Charley horse, strabismus, 

blepharospasm, oromandibular dystonia, spasms of the 
sphincters of the cardiovascular, gastrointestinal, or 
urinary systems, and tardive dyskinesia, which may result 
from treatment with an anti-psychotic drug such as 
35 THORAZINE® or HALDOL®. 
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tardive ^r^'- 1 ' sufferl „ g £rM 

(defined below, of Botuf " lth 5 °- 200 

* injection into the fac a T T ' * 

the s W t„ M o, te^"t::;: s t r thin three da -< 

gn-acing are Markedly reduced a " d facial 

-d. are snarly ^'^J^ ~ — 

,-d. r^r^ — - • 

^e type E couple, can be al^J"^ "»» ' — 
— ting, lacri-ation. ,„ d » UCOU3 sl cre t° ""T P " f "" 
exa»ple, an aduit „ale patient with * 
sweating can be treated by 12 eXC " si « unilateral 

« type E botulinu, co^t te g^I ^ * *° 
ganglion, spinal c =rd. or 9land P^xus, 

Preferably, the nerve' le xus " "^'^ 
■^functions to produce^. 9an9 " 0n <*" 

erectly. -MinLtraUon of :; e : S E V :arr in9 *" ^ 
the spinal cord or brain «m, . neur£ > t »x 1 „ ccplex to 
general weakness. feasible. *ay cause 

25 



Other conditions that can be trM , „ . 
tension headache and pain caused b y spo r ti ""^ 
arthritic contractions if n s P° rti ng injuries or 

can be identified with ele^. ° eSSary ' ove «ctive muscles 

warn electromyography (E MG) 
Administration of the '* 



30 J^i n i S J ration of the 



35 



The dose of tvoe p 
to a patient will depend generaTT^ 

«e condition, the age. wei^t "eV^ 0 " °< 
«* the patient, and the pot. n ' 9eneral ^alth 

^pressed as a Multiple of the L o v , ^ ^ " 

the ld so value for the mouse. 
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The dosaqes nc^^ • 

applications 

treaty. Ty plcally _ J£ «* "uscle in nee<j 

patient m ay te tro „ ^ ut he 0 d 0 o ; e to ad " lnl "«ea to the 

5 eM " Ple > -«* 500 units. * unlt ° ab ° Ut »it.. for 

amount of type « neurotoxin , ort " ^ " the 

«»plex) that kills 50% IT ^ * neur °t°*in 
oroup of M . ao t ° f <* -i=e ( t ypicaUy . 

» -e quency , to ac M ^^ ~ ;" her i„ ^ 
acetylcholine release ,„ .! reduct ion in 

"tisans are ahi/ ^ZZT^ ™« =««ed 
" '"•««»• t«at,ent regie" " ^ """peuticaliy 
*• Patient. Xhe potent of 'J^ " Ul Va " f ™ Patient 
duration of action means that d l ^ "* " S 

^ infrequent basis. sw „.! are Ministered on 

"at the treatment regi!! are ««» aware 

" —ions of safet,^^^:: 

toxin. ne effects produced b y the 

Typically, the type E 
-tended in a Physiologically a " ls 
as no™! saline, and i ^ 3^ S ° 1Uti0n ' 
M injection. Prior to in3ec J" 1Stered «* an intramuscular 
*"en to the anatomy of the "u^ie " COnsid «ation is 
to inject the toxin complex into t/^' *" " "*-«* 
hiShest concentration of nit " lth *»• 

— le mass is not J^'^TZ^ « the 

0 performed with extremely f £*, ln3eC " on «•» b. 
needles and guided by elect"' ' tef lon -«>ated 

needle ln the JL^Z^T^' P ° Sl "° n « 

injection of the toxin and c °»«™* Prior to 

anesthesia, or other sldatL local 

discretion of the attend^ "° " the 

attending phy slal a„, ao 
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age and particular needs of a given patient and the 
number of sites to be injected. 

Other TfrnbodJjpAnfrg 
It is to be understood that while the invention 
5 has been described in conjunction with the detailed 

intended to illustrate and not limit the scope of the 
invention, which is defined by the scope of the appended 

10 w C i^n S *th° ther aSP6CtS ' adVantageS ' ^ -i««t!L are 
10 within the scope of the following claims. 



BNSOOCJO. <WO_96017S4A1J_> 



WO 98/01754 



PCT/US96/11383 



- 21 - 



SEQUENCE LISTING 



(I) GENERAL INFORMATION: 

(i) APPLICANT: University of Massachusetts Dartmouth 

(ii) TITLE OF INVENTION: NOVEL PROTEINS WITHIN THE TYPE E 

BOTULINUM NEUROTOXIN COMPLEX 

(iii) NUMBER OF SEQUENCES: 4 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Fish & Richardson P.C. 

<B) STREET: 225 Franklin Street 

(C) CITY: Boston 

(D) STATE: MA 

(E) COUNTRY: USA 

(F) ZIP: 02110-2804 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT/US96/ 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Fasee, Peter J. 

(B) REGISTRATION NUMBER: 99,999 

(C) REFERENCE /DOCKET NUMBER: 08387/002W01 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 617/542-5070 

(B) TELEFAX : 617/542-8906 

(C) TELEX: 200154 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



Met Lys Gin Ala Phe Val Phe Glu Phe Asp 
15 10 
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(2) INFORMATION FOR SEo rn ^ ' 

K 5EQ ID NO:2« 

N>> TOPOLolyfff^^t relevant 
<«> MOLECULE T v P£s protein 

<Xl) SEQOENCS ^CR 1PTI0N . S£D ^ 
10 f« Xle Aan 

5 Ji * AB " Ser Met 

^ INP °^"0 N FOR SBC I0 No>3> 

<»i TOPOLocvrff^not relevant 
fii) MOLECULE Typ*. 

Protein 

(Xi, S EQ UENCE D ESC R IPTION . ^ 

,o »« «. nr „ ^ » 

5 " A8n Tr P Asp Thr 

«» n ON *, R S£Q ^ 

) TOPOLolffff relevant 

,U) M ° LBCDLE »«, protein 
,X1) SEQUEN « ^CRi PTIONj 

30 J h * *•« Leu Lye Pro ^ 

s ^ «e n e ^ Ajjp 
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What is claimed is: 

l. A method of detecting a serotype E neurotoxin 
complex an a biological sample, said method comprising: 

(a) obtaining an antibody that specifically binds 
5 a polypeptide of a substantially pure polypeptide complex 
synthesized by bacteria of the genus Clostridia, said 
complex comprising serotype E botulinum neurotoxin and 
five neurotoxin associated polypeptides having molecular 
weights of about ll 8/ 80, 65, 40, and 18 kDa, 
10 respectively, 

(b, contacting said sample with said antibody, and 
(c) detecting antibody-bound polypeptide, if any 
m said sample, the presence of said antibody-bound 
polypeptide indicating the presence of serotype E 
15 neurotoxin in said sample. 

2. A method of detecting a serotype E neurotoxin 
m a biological sample, said method comprising: 

(a) obtaining a polypeptide that specifically 
binds a neurotoxin polypeptide from a substantially pure 
20 polypeptide comp i ex synthesized by bacteria of the genus 
Clostridia, said complex comprising serotype E botulinum 
neurotoxin and five neurotoxin associated polypeptides 
having molecular weights of about 118, 80, 65, 40, and 18 
xDa, respectively, 

25 (b) contacting said sample with said polypeptide 

and * 

(c) detecting polypeptide-bound neurotoxin if 
any, in said sample, the presence of said polypeptide- 
bound neurotoxin indicating the presence of serotype E 
30 neurotoxin in said sample. 

3. The method of any one of claims 1 or 2, 
wherein said sample is a foodstuff. 
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4. The method of any one of claims i or 2 
wherein said sample is a gastrointestinal, blood or 
tissue sample obtained from a vertebrate animal.' 

5. a substantially pure polypeptide complex 

5 synthesized by bacteria of the genus Clostriti* for use 
in treating a disease resulting from excessive 
acetylcholine release from presynaptic nerve terminals, 
said complex comprising serotype E botulinum neurotoxin 
and fave neurotoxin associated polypeptides having 
10 molecular weights of about l 18 , 80, 65, 40, and J *Da 
respectively. KDa > 



6. Tht 



ie use of a substantially pure polypeptide 
complex synthesized by bacteria nf 

°y oacteria of the genus Clostridia 
for the manufacture of a medicament for treating a 
15 disease resulting from excessive acetylcholine release 
from presynaptic nerve terminals, said complex comprising 
serotype E botulinum neurotoxin and five neurotoxin 

l7VV°T ptides having fflolecular weights ° f 

118, 80, 65, 40, and 18 JcDa, respectively. 



20 7. The polypeptide of any one of claims 5 or 6 

wherein said excessive acetylcholine release causes ' 
undesirable contraction of smooth or skeletal muscle 
cells. 

8. The polypeptide of claim 7, wherein said 
25 undesirable muscular contrarHnr, 

contraction causes spasmodic 

torticollis, essential tremor, spasmodic dysphonia 
chari ey horse , strabismus _ blepharospas]lli ar-M>u ^ 

dystonia, spas„s of the sphincters of the cardiovascular 
gastrointestinal, or urinary system, or tardive 
30 dyskinesia. 
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9. The polypeptide of any one of clai.* * 
sweat lng , lacr«atlon, or nucous secretion. 

5 synthesized * ~a la o" y t r re POlyPeP " de CO » Pl « 
in treating ^•t^"^^"'" """^ U ~ 
ischeaia. traumatic L^ZTITZ ' ^ '° ^ 
tension headache, or ^JT^rllT^ ~"»' * 
arthritic contractions sa ,„ „ 7 s P°"mg injuries or 

polypeptides having molecular weights oTk^ 
«. «. ana x. ,c Da . respective" b ° Ut " 8 ' 80 " 

— t^r;; :; b u~ a the y pure poi ~ 

» *« the M „u f ac tU re o f a t TorZTJT^ 

= e or 3 ^ - pension 

- rs^"^:^.-*- * —tvpe 
rr i d having—-::- 

65, 40, and 18 kDa, respectively. ' 



12. 



A vaccine composition comprising a 



substant .,. n -^u*«ion comprising a 

» bactria „ t t y he PUre POl ~- «-*~ synthesis by 
accept! J^JTl^'T "* 3 ^sioiogicajy 
bctulinu* neuroto^n and f ' 

rr id hav.— ir: ;™ rr ,» 

65, 40, and 18 kDa, respectively. ' ' 

" synthesized hy tZ^*™ 

y bacteria of the genus Clostridia, said 
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complex comprising serotype E botulinum neurotoxin and 
five neurotoxin associated polypeptides having molecular 
weights of about 118, 80, 65, 40, and 18 kDa, 
respectively. 



14. A complex of claim 13, wherein one of said 
polypeptides has a molecular weight of approximately 80 
kDa and comprises the amino acid sequence TNLKPYIIYD (SEQ 
ID NO:4) . 



15. A complex of claim 13, wherein one of said 
10 polypeptides has a molecular weight of approximately 65 
kDa and comprises the amino acid sequence MQTTTLNWDT (SEQ 
ID NO: 3) . 



16. 



A complex of claim 13, wherein one of said 
polypeptides has a molecular weight of approximately 40 
15 kDa and comprises the amino acid sequence MRINTNINSM (SEQ 
ID NO:2) . 



17. A complex of claim 13, wherein one of said 
polypeptides has a molecular weight of approximately 18 
kDa and comprises the amino acid sequence MKQAFVFEFD (SEQ 
20 ID NO:l) . 



18. A substantially pure antibody, said antibody 
specifically binding the complex of claim 13. 

19. A substantially pure antibody, said antibody 
specifically binding to one of said five polypeptides in 

25 said complex of claim 13. 



20. A substantially pure polypeptide isolated 
from a polypeptide complex synthesized by bacteria of the 
genus Clostridia, said complex comprising serotype E 
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botulinum neurotoxin and five neurotoxin associated 
polypeptides having molecular weights of about 118, 80, 
65, 40, and 18 kDa, respectively. 
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